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Attorney Docket No.: 021621-000120US 



METHODS AND KITS FOR VOLUMETRIC DISTRIBUTION OF 
PHARMACEUTICAL AGENTS VIA THE VASCULAR ADVENTITIA 

AND MICROCIRCULATION 

CROSS-REFERENCES TO RELATED APPLICATIONS 
5 lOOOU msapplicationisacontinuation-in-partofapplicationno. 10/3503 

Docket No 21621.000110US), filed on January 22. 2003, which claimed the benefit of each 
of the following provisional applications, 60/350.564. filed January 22. 2002 (Attorney 
Docket No 21621-000900); 60/356,670, filed April 5. 2002 (Attorney Docket No. 21621- 
001000); 60/370,602, filed April 5, 2002 (Attorney Docket No. 21621-000100); and 
10 60/430,993,filedDecember3,2002(AttomeyDocketNo.21621-001300). ThoMl 
disclosures of each of these prior provisional and non-provisional applications are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
15 (00021 1 Pi^iH of the Invention. The present invention relates generally to medical 
methods and devices. More particularly, the present invention relates to medical methods 
and kits for distributing pharmaceutical agents in the adventitial tissue surrounding a blood 
vessel 

100031 Coronary artery disease is the leading cause of death and morbidity in the United 
20 States and other western societies. In particular, atherosclerosis in the coronary artenes can 
cause myocardial infarction, commonly referred to as a heart attack, which can be 
immediately fatal or, even if survived, can cause damage to the heart which can incapacttate 
the patient. Other coronary diseases which cause death and incapacitation include congestive 
heart failure, vuhierable or unstable plaque, and cardiac arrhythmias. In addition to coronary 
25 artery disease, diseases of the peripheral vasculattnre can also be fatal or incapacitatmg. 

Blood clots and thrombus may occlude peripheral blood flow, leading to tissue and organ 

necrosis Deep vein thrombosis in the legs can, in the worse cases, requiring amputation. 

Clots in the carotid artery can embolize and travel to the brain, potentially causing ischemic 

stroke. 

30 [00041 While coronary artery bypass surgery is an effective treatment for stenosed artenes 
resulting from atherosclerosis and other causes, it is a highly invasive procedure which is also 
expensive and which requires substantial hospital and recovery time. Percutaneous 



transluminal coronary angioplasty (PTCA). commonly referred to as balloon angioplasty, .s 
less invasive, less traumatic, and significantly less expensive than bypass surgery. Untxl 
recently,however, balloon angioplasty has not been considered to be as effectiveatreatment 

as bypass surgery. Hie effectiveness of balloon angioplasty, however, has miproved 
5 significantly with the introduction of stenting which involves the placement of a scaffold 
structure within the artery which has been treated by balloon angioplasty. THe stent mhibits 
abrupt reclosure of the artery and has some benefit in reducing subsequent restenosis 

resulting from hyperplasia. 

[0005] Despite such improvement, patients who have undergone angioplasty procedures 
10 with subsequent stenting still suffer from a high incidence of restenosis resulting firom 
hyperplasia. Very recently, however, experimental trials have demonstrated that the 
implanting of stents which have been coated with anti-proliferative drugs can sigmficantly 
reduce the occurrence of hyperplasia, promising to make combined angioplasty and stentmg a 

viable alternative to bypass surgery. 
15 [00061 As an alternative to stent-based luminal drug delivery, the direct delivery of drug 

into vascular and other luminal walls has been proposed. For some time, the use of 
intravascular catheters having porous balloons, spaced-apart isolation balloons, expandable 
sleeves, and the like, have been used for releasing drugs into the imier surface of the 

endothelial wall of blood vessels. 
20 [00071 congestive heart failure and cardiac arrhytlmnas. although sometimes related .o 

coror^ry artery disease, are usually treated differet^ly than are occlusive disease., 
congestive hear, failure is most often treated phannaceuticaUy, although no particular drug 
regimens have proven to be highly effective. Proposed mechanical approaches for tteating 
congestive heart failure include constraints for inhibiting further dilation of the heart muscle. 
25 and pace makers and mechanical devices for enhancing heart function. Cardiac arrhythmias 
may also be treated with drug therapies, and reasonably effective intiavascular treaBtents for 
ablating aberrant conductive paths on the endocardial surfaces also exist No one h^atment. 
however, for either of these conditions is completely effective in all cases. 
■00081 Of particular interest to the present invention, catheters carrying microneedles 
30 capable of delivering therapeutic and odter agents deep into the adventitial layer surroundmg 
blood vessel lumens have been described in U.S. Patent No. 6,547.303. and co-pending 
application no. 09/961.079 , filed on September 20. 2001. both having common inventorship 
vnth but different assigmnent than the present application, the full disclosutes of which are 
incorporated herein by reference. 
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100091 PhannaceuUcal tf«rapfes for coronary artery and other cardiac and vascular d,seases 
can be problemaUc in a number of respects. First, it can be difficult to achieve 
therapeuticaUy effective levels of a pharmaceutioal agent in the cardiac tissues of interest. 
This is particdarly true of systemic drug delivery, but al«, .me of various intravascular drug 
5 delivery protocols which have been suggested. TTe release of a pharmaceutical agent d^ectly 
on to the surface of a blood vessel wall within the heart or the peripheral vasculature 
ftequently results in much or most of the drug being lost into the lummal blood flow. Thus, 
drugs which are difHcult to deliver across the blood vessel wall wUl often not be able .0 reach 
therapeutically effective concentrationsinthetargetedtissue. Second, even when drugs are 

,0 su^ssftlly delivered into the blood vessel wall, they wiU ftequentiy lack persistence, 
i e the drug will be rapidly released back into the blood flow and lost ftom the targeted 
tis'^es Third, it is frequently ditScult to intravascularly deliver a pharmaceutical agent » 
remote and/or distributed diseased regions within a blood vessel. Most prior intiavascular 
drug delivery systems, at best, deliver relatively low concentrations of the pharmaceutical 

,5 agen.into..gionsofthebloodvesselwallwmcharedirectiyincontactwiti.ti«dehvery 

leter. Thus, diseased regions which may be remote f.om the delivery site(s) and/^ whrch 
include multiple spaced-apart loci may receive Utile or no titerapeutic benefit fiom tire agent 
being deUvered. In particular, most if not all prior intravascular drug delivery apparatus have 
been unable to deliver flte drug over large volumetiic regions of tissue, particularly m a 
20 mamterwhichachievesrelativelyconsistentdrugconcentiations. Fourih. delivery of a 
pharmaceutical agent into tire blood vessel wall may be insufficient to tiea. tite underlymg 
cause of disease. For example, delivery of anti-proUferative agents into tire blood vessel «a« 
may have limit«i benefit in inhibiting flte smootir muscle cell migration which is beheved to 
be a cause of intimal hyperplasia or cell proliferation characteristic of n«>plastic diseases. 
25 Fifth, ti-e etiology of tite vascular disease may itself inhibit effective delivery of a 

pharmaceutical agent. Thus, systems and proti,cols which are designed to deliver drug ,nto 
blood vessel wall a. the site of disease may be limited in their effectiveness by tire nati^ of 
the disease itself. 

,,0,01 For these tcasons. it would be desirable to provide additional and mtproved metitods 
30 andkitsforareintiavasculardeliveryofpharmaceuticalagentstotreatcoronarycerebral. 

hepatic, peripheral, and otiter vascular diseases. Such additional and improved methods and 
kits would preferably also be adaptable to tiea. non-vascular diseases, including cancers and 
ottter neoplastic diseases, diseases associa.ed with particular organs or otiter 
^.mparttnentalized tissue regions, and otirer conditions which might benefit ftom remote 
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localized delivery of drugs via the vasculature. In particular, it would be beneficial to 
provide methods which enhance the therapeutic concentrations of the pharmaceutical agents 
in diseased and other targeted tissues, not just the blood vessel walls. For example, U would 
be particularly desirable if the methods and systems could provide for an extended volumetric 
5 distribution of the delivered pharmaceutical agent mcluding both longitudinal and radial 
spreading from the injection site(s) in order to provide therapeutic dosage levels of the agent 
within the heart, liver, or other organ or compartmentalized tissue region. It would be further 
beneficial if the methods could efficiently deliver the drugs into the targeted tissue and Imut 
or avoid the loss of drugs into the luminal blood flow. Similarly, it would beneficial to 
10 enhance the therapeutic concentrations of the pharmaceutical agent delivered to a particular 
targeted tissue. It would be still fiirther beneficial if the persistence of such therapeutic 
concentrations of the pharmaceutical agent in the tissue were also increased, particularly m 
targeted tissues away from the blood vessel wall, including the adventitial tissue surroundmg 
the blood vessel wall. Additionally, it would be beneficial to increase the uniformity and 
1 5 extent of pharmaceutical agent delivery over remote, extended, and distributed regions of the 
adventitia and other tissues surrounding the blood vessels. In some instances, it would be 
beneficial to provide methods which permit the delivery of pharmaceutical agents through the 
blood vessel walls at non-diseased sites within the blood vessel, where the agent would then 
be able to migrate through the adventitia or other tissues to the diseased site(s).Atleast some 

20 oftheseobjectiveswiUbemetbytheinventionsdescribedhereinafter. Still fiirther, it would 
be desirable if such intravascular delivery of pharmaceutical agents would be usefiil for 
treating diseases and conditions of the tissues and organs in addition to those directly related 
to the heart or vasculature. 

loom 2 Pr^^^^r-^^-^^*--^--^^^"""^^- U-^- ^'^^^'^^^ 
25 pubUshed Application 2003/0171734A1 both having common inventorship with but different 
assignment than the present application, describe microneedle catheters which may be used m 
at least some of the methods described in the present application. Drug distribution through 
the collateral circulation in the heart is discussed in Daschner et al. (1 986) J. Cardiovasc. 
Surg. 581-584; Laham et al. (1999) Drug Met. Disp. 27:821-826; Laham et al. (2003) Cath. 
30 Cardio. Interv. 58:375-381; and Altman et al. (2003) Lymph. Res. Biol. 1:47-54. 

BRIEF SUMMARY OF THE INVENTION 
10012] Methods and kits according to the present invention are able to achieve enhanced 
concentrations of many pharmaceutical agents in targeted tissues surrounding a blood vessel. 
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particularly adventitial tissues, more particularly coronary adventitial tissues. The methods 
rely on intravascular delivery of the pharmaceutical agent using a catheter havmg a 
deployable needle, usually a small needle or a microneedle. The catheter is advanced 
intravascularly to a target injection site (which may or may not be a diseased region) m a 
5 bloodvessel. n.e needle is advanced through the blood vessel wall so that an aperture on the 
needle is positioned inaperivascularregion(defmedbelow)surrounding the injection sxt^ 
and the pharmaceutical agent is delivered into the perivascular region through the 
microneedle. 

10013] In particular, the methods of the present invention are intended for a volumetnc 

10 distribution of a pharmaceutical agent in the tissue of a living host. By "volumetnc 

distribution," it is meant that the pharmaceutical agent will be able to distnbute both 
longitudinally and radially with respect to the axisofthe blood vessel from which the agent IS 

being injected. Typically, the agent will be able to distribute over a distance of at least 1 cm 
longitudinally and at least 1 cm radially from the site of injection over a time penod no 
15 greater than 60 minutes. Usually, the volumetric distribution will be significantly greater 
than that, and a concentration of the agent measured at all locations at least 2 cm from the 
delivery site will be at least \0% of the concentration at the delivery site, again preferably 
after a period of 60 minutes. 

[00141 While the present invention does not depend upon an understanding of the 
20 distribution mechanism, for completeness, it is noted that the inventors herein believe that 
this volumetric distribution results from delivery of the pharmaceutical agent mto the 
lymphatic microcirculatory system surrounding the blood vessel from which the agent is 

directed. 

[00151 Regardless of the acmal mechanism, the methods herein preferably rely on 
25 positioning an aperture of the needle within the target blood vessel so that the aperture lies 
beyond an external elastic lamina (EEL) of the blood vessel wall by a distance not exceedmg 
5 mm usually not exceeding 3 mm, and preferably not exceeding 0.5 mm. The lower end of 
the ralge is less critical, and it is necessary only that the aperture be at least partly beyond the 
other periphery of the EEL. For lymphatic distribution, it is preferred to deliver 
30 pharmaceutical agents having dimensions which do not exceed 200 mn, as larger substances 
are not efficiently distributed by the lymphatic distribution system. 
[00161 Hie methods, systems, and kits of the present invention will find particular use m 
the coronary vasculature, including the arterial and venous vasculature, for treating a vanety 
of conditions, including post-angioplasty and post-stenting hyperplasia, cardiac failure. 
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coronary revascularization, and the like. The present invention will, however, also find use 
outside of the coronary vasculature, including but not limited to use in the cerebral 
vasculature, the hepatic vasculature, the peripheral vasculature, and the vasculature of other 
organs and tissue compartments within a patient. The pharmaceutical agents may be 
5 delivered to treat virtually any condition which is amenable to localized drug delivery, 
includmg the delivery of anti-neoplastic agents to treat tumors and other neoplastic 
conditions, the delivery of antibiotics and other anti-infective agents to treat infections and 
other pathogen-based diseases, and the like. 

[00171 This delivery protocol has been found to have a number of unexpected advantages. 
10 First, direct injection into the perivascular region has been found to immediately provide 
relatively high concentrations of the pharmaceutical agent in volume immediately 
surrounding the injected tissue. Second, following injection, it has been found that the 
injected agents will distribute circumferentially to substantially uniformly surround the blood 
vessel at the injection site as well as longitudinally to reach positions which are 1 cm, 2 cm, 
15 5 cm, or more away from the injection site, hi particular, the injected pharmaceutical agents 
have been found to distribute transmurally throughout the endothelial and intimal layers of 
the blood vessel, as well as in the media, or muscular layer, of the blood vessel wall. In the 
coronary arteries, in addition to circumferential and longitudinal migration, the 
phannaceutical agent can migrate through the myocardium to reach the adventitia and wall 
20 structures surrounding blood vessels other than that through which the agent has been 

injected. Pathways for the distribution of the pharmaceutical agent are presently believed to 
exist through the pericardial space and the sub-epicardial space and may also exist in the vasa 
vasorum and other capillary channels through the muscle and connective tissues. Third, the 
delivered and distributed pharmaceutical agent(s) will persist for hours or days and will 
25 release back into the blood vessel wall over time. Thus, a prolonged therapeutic effect based 
on the pharmaceutical agent may be achieved in both the adventitia and the blood vessel wall. 
Fourth, after the distribution has occurred, the concentration of the pharmaceutical agent 
throughout its distribution region will be highly uniform. While the concentration of the 
pharmaceutical agent at the injection site will always remain the highest, concentrations at 
30 other locations in the peripheral adventitia around the injection site will usually reach at least 
about 10% of the concentration at the injection site, often being at least about 25%, and 
sometimes bemg at least about 50%. Similarly, concentrations in the adventitia at locations 
longitudinally separated from the injection site by about 5 cm will usually reach at least 5% 
of the concentration at the injection site, often being at least 10%, and sometimes being at 



6 



10 



15 



20 



,ea« 25%. Finally. *e me*ods of 4= present mvenUon will allow for Ure injec«„n of 
pharn«eeuticalagen.s*ro„ghnOB^isea«l,egionsof,hecoronaryandpenpherd 

Lulature » Uea. adjacen. or ren.o« diseased regions of *e vasoula^re Tl-e la„er .so 
par«cnlaradvan.a.esinoe*ediseasedre,ionsn«ybere.aeu,ry.e.fecUve — 

other in-avaseuta delivery pro«>co,s. Tl,us, phannacentieal agen.(s) can be dehvered rn.0 
,headven.i,ias««undingthediseasedregions.hroughren.oteinjectio„s,tts. 

,0018, The henefiU of *e pres«.. invenUon are achieved by deUvering 4e phar^aceuhcal 
agents into a perivascular region surrounding a coronary artery or other blood vessel. Tire 
perivascular region is defined as the region beyond external elastic lanu.«. of an ariery or 
beyond the tunica media of a vein. Usually, injection will be made dire«ly m.o the vasa 
vasoron, region of the adventitia, and it has been found that the pharmaceuUcal =«en, 
disperses through the adventitia circunrferentially, longitudinally, and transu^aUy from 
injection site. Such distribution can provide for delivery of therapeutically effecUve 
concentradons of many drugs which would be difficult to admtaister in other v«ys. 

-me adventitia is a layer of fany tissue s^ot^ding the arteries of tire --uman 
other vertebrate cardiovascular sy^ems. external elastic lan,ina (EEL) separates ti.e fetty 
adventitialtissueftommuscutetissuethatformsthearterialwall. Microneedlesof to 
isent invention pass through the muscular tissue of the blood vessel and tire EEL ,n or^er to 
Lh the perivascular space into which ^ dntg is injected. The drugs will typ.cal y etther 
he in fluid form themselves, or wUl be suspended in aqueous or fluid carriers m order to 
pemut dispersion ofthe pharmaceutical agents tiux,ugh the adventma. 
Loi The adventitial tissue has a high concentration of lipids which wrll preferentially 
olubilize lipophilic pharmaceutical agents and hydrophilic or otiter pharmaceutical agetrts 
which are incorporate! into lipophUic carriers, adjuvants, or tite like. Botir hpophrUc and 
, non-lipophilie pharmaceutical agents will have the abiUty to diftoe wititin and throng th^^ 
advenlilwititti,erateandextentofsuchdiffl.ionbeingcontrolled,a.,eastmpar.by^^ 

degree and nature of tite lipophilic moieties present in tire pharmaceutical agents. Thus, when 
pharmaceutical agents are injected, either by titem^lves or h, an aqueous ^"'^^^^ 
may tend to be preferentially absorbed by the lipids in tire adventitia. Pharmaceutic^ agents 
,0 do L. however, remain locali^ at ti.e site of injection, but instead will migmte and spread 
ti,.u*theadventitiato.ocati„nsremoteftomti,einjectionsite. The affimty hetiveen tit 
phanlutical agents and tite lipids in the adventitia, however, will provide for a controUed 
^d sustained release of tire Upophilic and oti,er pharmaceutical agents over time. Tlrus^ 
deliver, ofpharmaceutica. agents intoti-eadventitiac-eatesabiologicalcontrolledrelease 
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^ for *e agenu. particulax. *e ph_.ioa. agen. wiU slowly be released ..ck 
ftom adventitia ■„«. fl.e muscle and o*er layers of 4e blood vessel wall to provide for 
prolongedpharmaeologicaltteatoenroftf^oseareas. Such prolonged «eatt„en.s can be 
particularly useful for inUbiting vascular hypcrplasU and o*er conditions which are bought 
,0 initiate within .he smooti, muscle cells and other components of the blood vessel wall. 
100211 Pharmaceutical agents formulated to provide for sustained or controlled release of 
tite pharmacologically active substances may be introduced direcUy into flte adventitta by 
injection using the microneedle of the present invention. Numerous particular continued 
release fomtulations are known in tite art. Exemplary formulations include titose whtch 
provide for difteiontitrough pores ofamicroc^er or otiter particle, erosion of particles or 

barrier flhns. and combinations ti,ereof In addition, micropartides or nanoparticles of pure 
(neat) pharmaceutical substances may be provided. Cross-linkrf forms of such substances 
n^y also be utilized, and combinations tttereof with erodable polymers may be employed. 
Otiter conventional formulations, such as liposomes, solubilizers (e.g. cyclodextrins), and tite 
like may be provided to control release of tite active subsumce in ti>e pharmaceutical agent. 
10O221 in a first aspect of ttte presem invention, a meti>od for distributing a pharmaceutical 
agent in flte adventitial tissue of a living vertebrate hosfs heart, such as a human hear,, 
comprises positioning a microneedle flm>ugh the wall of a coronary blood vessel and 
delivering an amount of flte pharmaceutical agenttheretiurough. The apertureof the 
0 microneedle is located in a perivascular space surrounding ti,e blood vessel, and U>e 
pharmaceutical agent distributes substantially completely eircumfe^ntially through 
adventitial tissue surrounding flte blood vessel at tite site of flte microneedle. Usually, tite 
agent will furtiter distribute longititdinally along tite blood vessel over a distance of at least 
, cm oftenadistimceofaleast5cm,andsometimesadistance„fa.IeastlOcm.witiuna 
,5 timeperiodnogrea.erfluu,60minutes,oflenwittnn5minutesofless. Whtietite 
■ concentration of the pharmaceutical agent in tite adventitia wUl decrease in ti« long.tud,nal 
direction somewhat, usually, tite concentration measured a. a distance of 5 cm ftom the 
injection site will be at least 5% of the concentiration measured at fl>e same time at the 
injection site, often being at least 10%, frequently being as much as 25%, and sometimes 

30 being as much as 50%. 

,00231 Tlte aperture of the microneedle will be positioned so titat it lies beyond tite external 
elastic lamina (EEL) of tite blood vessel wall and into ti,e perivascular region s^roundmg tire 
wall usually, the aperture will be positioned at a distance from tite imter wall of the blood 
vessel wUch is equal to at least 10% of ttte mean luminal diameter of ttte blood vessel at tite 
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tajecdonsi^. P«.ftedis««« will bem*en«ge from ,0%,o 75% of demean 

diameter. The amount of *e phannaceutieal agen. delivered into penvascular 
region may vary considerably, but will typically be in the range ftom 10 to 5000 ^1. 
typically being from 100 ^ to 1000 ,1. and often being from 250 ^ to 500 ,d. Such methods 
5 for distributing pharmaceutical agents will be most often us^ in coronary arteri^. Really 
for the treatment of hyperplasia or vutaerable plaque. The methods may Suther find use, 
however,in patients suffering from other vascular diseases, such as those in the penpheral 

vasculature, and in patients suffering from coronary conditions, inclndmg congestive heart 
failure, cardiac arrhythmias, and the like. In the lat.^ cases, the methods of the present 
,0 invention are particularly useM in delivering pharmaceutical agents widely and utuformly 
fl^ugh the myocatdium by using one or a relatively low number of injections m the 

coronary vasculature. 

,0»241 In a second aspect of the present invention, methods for dcpoting a hpophthc or 
other pharmaceutical agent in the adventitial tissue of a living vertebrate host, typically a 
,5 human heart or ofter tissue, comprise positiontog a microneedle through tite wall of a 
coronary blood vessel and delivering an amount of tite pharmaceutical agent tnto the 
perivascular space surrounding tire blood vessel. The agent is delivered through an aperiurc 
in the microneedle directiy into tite perivascular space so titat it distributes wiUtin tite 
adventitial tissue surrounding the blood vessel. As described generally above, the mteraCon 
20 between the pharmaceutical agent and the lipid-contaming adventttia provide for a depot or 
reservoir of tite drug which is subsequently released into the blood vessel wall and other 
tissues in a controlled fashion over time. While ti« depoting pharmaceutical agen, m tl^ 
coronary adventitial tissue may find the greatest use, the depoting and release of drugs ftom 
other adventitial tissues located surrounding the peripheral vasculah^ will also And use m 
25 the treamtent of peripheral vascular disease, as well as diseases of oti>er organs and tissues. 
■00251 Exemplary pharmaceutical agents for tieating restenosis and hyperplasta .nc ude 
antiproliferative agents, immunosuppressive agents, anti-inflammatory agents, macrohde 
antibiotics, statins, anti-sense agents, metalloproteinase inhibitors, and cell cycle .nhtbttors 
and modulators. Agents for tite treatment of arrhythmia include amiodarone, tbutiltde, and 
30 mexiletine. Agents for the treatinent of congestive heart failure include beta blockers, mtnc 
oxide releases angiotensin converting enzyme inhibitors, and calcium channel antagomsts. 
Agents for treatinent of vulnerable (unstable) plaque include macrolide antibioncs, ant- 
inflammatory agents, statins, and thioglita^nes. Agents for tite ti^B>ent of vasospasm 
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include cerapamil. and lapararin. A more complete listing of pharmaceutical agents suitable 
for treating coronary, vascular, and other diseased tissues and organs in accordance wxth the 
principles of the present invention is set forth in Table I below. 

100261 In a third aspect of the present invention, a method for delivering a pharmaceutical 
agent to a diseased treatment region in a coronary blood vessel comprises posxtiomng a 
microneedle through the waU of a coronary artery at a delivery site spaced-apart from the 
diseased treatment region. The delivery site may be located >vithin the same blood vessel as 
the diseased treatment region at a location which is longitudinally spaced-apart from said 
region or may be located in a different blood vessel, including a different artery, or more 
usually, in a cognate coronary vein. In all cases, an amount of the pharmaceutical agent is 
delivered through an aperture in the microneedle into a perivascular space surroundmg the 
delivery site so that the agent distributes into adventitial tissue surrounding the diseased 
treatment region to provide for the desired therapy. In some instances, the diseased treatment 
region may have been previously stented where the delivery site is spaced away from the 
stent, either longitudinally away from the stent in the same coronary artery or remote from 
the stent in another coronary artery or vein. 

10027] In still fiirther aspects of the present invention, kits for delivering pharmaceutical 
agents to a patient suffering from or at risk of coronary artery or other vascular or 
non-vascular disease comprise a catheter and instructions for use of the catheter. The 
catheter has a microneedle which can be advanced from a blood vessel lumen through a wall 
of the blood vessel to position an aperture of the microneedle at a perivascular space 
surrounding the blood vessel. The instructions for use set forth any of the three exemplary 
treatment protocols described above. 

[0028] The present invention still fiirther comprises the use of a catheter having a 
microneedle in the manufacture of an apparatus for delivering pharmaceutical agents to a 
patient suffering from coronary artery disease. The pharmaceutical agent is delivered from a 
blood vessel lumen into a perivascular space surrounding the blood vessel so that the agent 
distributes circumferentially through the adventitial tissue surrounding the blood vessel. 
Usually the agent will also distribute longitudinally along the blood vessel over a distance of 
) at least 5 cm within a time of no greater than 5 minutes, usually within 1 minute or less. In 
some cases, the agent may fiirther distribute into regions of the adventitia surrounding other 

bloodvessels. • j j ^ 

10029] In another aspect of the present invention, methods and apparatus are provided for 
confirming that the aperture of the pharmaceutical agent injection needle is present beyond 
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the external elastic lamina (EEL) before delivering pharmaceutical agent. As discussed 
above it vnll often be desirable to place the delivery aperture of the pharmaceutical agent 
deUvery needle just beyond the outside periphery or perimeter of the EEL prior to injection of 
the desired pharmaceutical agent. The difficulty with such positioning is that the thickness of 
5 the EEL can vary significantly, typically being from 0.1 mm to 5 mm thick, usually bemg 
less than 3 mm thick. The effective deployed needle length may not always be sufficient to 
assure that the delivery aperture is in the preferred 0 mm to 5 mm cylindrical envelope region 
outside of the EEL. Moreover, variations in thickness of plaque and other obstructive 
material which may be present on the interior of the blood vessel can also affect the abUity of 
1 0 the needle to penetrate the vascular wall and position the delivery aperture at the requisite 
distance beyond the periphery of the EEL. Thus, in order to assure that the drug will enter 
this preferred cylindrical envelope surrounding the blood vessel, it is useful to confirm the 
position of the delivery aperture prior to delivery of the pharmaceutical agent. 
[00301 Confirmation of the position of the pharmaceutical agent delivery aperture can be 
15 achieved in a variety of ways. Most simply, a bolus of radio opaque contrast agent or other 
visible media can be injected through the needle after initial positioning of the needle is 
achieved. By then observing the distribution of the media, usually fluoroscopically, the 
position of the aperture can be assessed. If the needle still lies within the EEL, the bolus will 
remain contained within the wall and will appear to have well defined edges and will usually 
20 taper longitudinally as the wall is dissected. If the aperture is properly positioned outside of 
the EEL, in contrast, the media wUl diffiise longitudinally along the vessel in the desired 
pattern. Finally, if the needle has extended beyond the preferred adventitial space and mto 
muscle, the media will usually follow a non-homogenous diffiision pattern between the 
muscle fibers. Only when the desired pattern characteristic of adventitial delivery is 
25 confirmed will the pharmaceutical agent then be delivered. 

[00311 hi other cases, various sensors can be attached or otherwise coupled to the delivery 
needle, usually near the delivery aperture, in order to detect the position of the needle. Usefiil 
sensors include temperature sensors, pH sensors, electrical impedance sensors, and the like. 
It is also possible to measure back pressure on an injected fluid, either saline or other non- 
30 active agent or the pharmaceutical agent itself, in order to determine the needle position. 
Injection into the blood vessel wall will typically result in a greater back pressure than 
injection into the adventitial space. It will also be possible to monitor the insertion force of 
the needle, e.g., by providing a deflection gauge on a portion of the needle, or otherwise. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[00321 Fig. 1 is a schematic illustration of a coronary artery together with surrounding 
tissue illustrating the relationship between the perivascular space, the adventitia, and the 
blood vessel wall components. 
5 I003S1 Fig. 1 A is a «=h=matic, perspective view of a microfabrioated surgical dev,ce for 
interventional procedures in accordance «ift fte meftods and kite of fl.e present invention m 
an unactuated condition. 

[0034] Fig. IB is a schematic view along line IB-IB of Fig. lA. 
[00351 Fig IC is a schematic view along Une IC-IC of Fig. lA. 
10 [00361 Fig. ID is a schematic illustration of a microneedle having an aperture positioned at 
a preferred distance beyond the external elastic lamina (EEL) in accordance with the 
principles of the present invention. 

[0037] Fig. IE illustrates the volumetric drug distribution achieved by the microneedle 
positioning of Fig. ID. 

15 [00381 Fig. 2A is a schematic, perspective view of the microfabricated surgical device of 
Fig. 1 A in an actuated condition. 

[00391 Fig. 2B is a schematic view along line 2B-2B of Fig. 2A. 

[00401 Fig. 3 is a schematic, perspective view of the microfabricated surgical device of the 

present invention inserted into a patient's vasculature. 
20 [00411 Figs.3A-3Cillustratetheinjectionofaradiocontrastmediatohelpdetermmc 

whether the pharmaceutical agent delivery aperture of an injection needle is properly placed 
within the preferred adventitial space surrounding a blood vessel. 
[00421 Fig 3D illustrates the optional placement of sensors on a drug injection needle, 
which sensors can detect whether the needle has been advanced into the preferred adventitial 

25 space surrounding a blood vessel. 

[00431 Fig. 4 is a schematic, perspective view of another embodiment of the device of the 

present invention. 

[00441 Fig. 5 is a schematic, perspective view of still another embodiment of the present 
invention, as inserted into a patient's vasculature. 
30 [00451 Figs. 6A and 6B illustrate the initial stage of the injection of a pharmaceutical agent 
into a perivascular space using the catheter of Fig. 3. Fig. 6A is a view taken across the blood 
vessel and Fig. 6B is a view taken along the longitudinal length of the blood vessel. 
[00461 Figs. 7A and 7B are similar to Figs. 6A and 6B showing the extent of 
pharmaceutical agent distribution at a later time after injection. 
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10047) Figs. 8A and 8B are again similar to Figs. 6A and 6B showing *e extent of 

pharmaceutical agent distribution at a still later time following injection. 

[00481 Figs. 9 and 10 iUustrate dafi. described in the Experimental section herem. 

DETAILED DESCRIPTION OF THE INVENTION 
100491 The present invention will preferably utilize micro&bricated catheters for 
intravascular injection. T1,e following description provides two representattve embodiments 
of catheters having microneedles sui«J.le for the delivery of a pharmac^rtical agen, mto a 
perivascular space or adventitial dssue. A more complete description of the catheters and 
methods for their fabrication is provided in U.S. Pat^ttNo. 6.547.803 B2 the M dtsclosure 
of which has been incorporated herein by reference. 

,00501 The perivascular space is U>e potential space over the outer surface of a vascular 
w^r of eitheran artery orvcin. Referring to Fig. 1. a typical arterial wall is shown i^cross- 
^on where the endothelium E is the layer of the wall which is exposed io the blood vessel 

; lumen L. Underlying the endothelium is the basemen, membrane BM which in tum .s 
surrounded by the mtima I. TTe intima. in tum, is surrounded by the internal elasnc lamma 
,EL over which is located the media M. ta «™, dre media is covered by the external elasUc 
lamina (EEL) which acts as the outer barrier separating d,e arterial wall, shown collecttvely 
asW from the adventitial layer A. Usually, the perivascular space will be considered 

0 anything lying beyond flte ext».al elastic lamina EEL. mcluding regions wrthm the 

adventitia and beyond. . , 

,00511 The micmneedle is inserted, preferably in a substantially normal dnecUon, mto the 
wall of a vessel (artery or vem) to eliminate as much trauma to the patient as possible. Unttl 
the microne^le is at the site of an mjecdon, it is positioned out of tite way so that i, does not 
-5 scrape against arterial or venous walls with its tip. Specifically, the microneedle remams 
" enclosed in the walls of an actuator or sheath attached to a catheter so that it will not mjure 
the patient during intervention or the physician during handUng. When the mjection sttc ,s 
reached, movement of the acmator along ^ vessel laminated. ^ the actitator rs operated to 
cause ti,e microneedle to be thrust outwardly, substantially perpendicular ,0 the central axrs 
30 of a vessel, for instance, in which the catiieter has been inserted. 

[0,521 AS shown m Figs. 1 A-2B. a microfabricated intravascular catheter 10 includes an 
actitator 12 having an actuator body 12a and central longimdinal axis 12 b. Tlte ac«.>tor 
body more or less forms a C-shaped outline having an opening or slit 12d extendmg 
substantially along it, lengUt. A microneedle 14 is located within the actuator body, as 



13 



10 



15 



20 



in more d«ai. b..o». »hen ac«.a,or U in i. —ted condiUon (fWled s.a«) 
(Fig. IB), -me microneedle is moved ou«ide fl,e acmator body when fte acmator >s operated 
to l)e in its actuated condition (uniiirled state) (Fig. 2B). 

,0*531 The actuator may be capped at its proximal end 12e and distal end 1 2f by a lead 
Ld ,6 and a tip end 1 8. respectively, of a therapeutic catheter 20. The catheter tip end serves 
as a means of locating tite actua«>r inside a blood vessel by use of a radio opaque coatings or 
markers. The cati,«er tip also forms a seal a. the distal end 12f of the a«uator. The lead end 
of the catirete, provides the necessary intetcomtecU (fluidic, n^chanical, electncal or optical) 
at tiie proximal end I2e of the acteiator. 

.0054, Retaining rings 22a and 22b are located at the distal and proximal ends . 
respectively.oftheactirator. The catheter tip is joined to ti» retaining ring 22a. wh.leti« 
catiteter lead isjoined to retaimng ring 22b. The retaimng rings are made ofa Am. on th, 
order of 10 to 100 microns (,m), substantially rigid material, such as parylene (typ^C. D or 
N) or a metal, for example, aluminum, stainless steel, gold, titanium or timgsten. The 
re^g rings form a rigid substantially "C"- shaped structure a. each end of tire actirator. 
The cati^ter may be joined to tire retaining rings by. for example, a buti-weld. an ultra some 
weld, integral polymer encapsulation or an adhesive such as an epoxy. 
,00551 The a«uati>r body furtirer comprises a cential, expandable section 24 located 
betwe^r retaining rings 22a a»i 22b. The expandable section 24 includes an interior open 
area 26 for rapid expansion when an activating fluid is supplied to flta. area. The central 
section 24 is made of a titin, semi-rigid or rigid, expandable material, such as a polymer, for 
instance, parylene (types C. D or N). silicone, polyurettrane or polyimide. The cential 
section 24. upon actiration, is expandable somewhat like a balloon-devrce. 
,00561 The central section is capable of witi«tanding pressures of up to about 100 
i atinospheresuponapplicationofti«activa.ingfl»idto.heopenarea26. The material ftom 
which the central section is made of is rigid or semi-rigid in ti»t tite cential section remms 
substantially to its original configuration and orientation (the unactirated condition) when tire 
activating fluid is removed from the open area 26. Thus, in this sense, tite cential section ,s 
very much unlike a balloon which has no inherentiy stable sttuchire. 
,0 (00571 Theopenarea26ottheactuatorisconnectedti>adeliverycondui..«.beorflu.d 

pattrway 28 titat extends from tire catiretefs lead end to the acti.ati,^s proximal end. The 
activating fluid is supplied to ti-e open area via tire delivery mbe. The delivery ti.be may e 
constiucted of Teflon© or otirer inert plastics. The activating fluid may be a sahne solution 
or a radio-opaque dye. 
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[0058] The microneedle 14 may be located approximately in the middle of the central 
section 24. However, as discussed below, this is not necessary, especially when multiple 
microneedles are used. The microneedle is affixed to an exterior surface 24a of the central 
section. THe microneedle is affixed to the surface 24a by an adhesive, such as cyanoacrylate. 
5 TTie mesh-like structure (if included) may be-made of, for instance, steel or nylon. 

10059] nie microneedle includes a sharp tip 14a and a shaft 14b. Hie microneedle tip can 
provide an insertion edge or point. The shaft 14b can be hollow and the tip can have an outlet 
port 14c, permitting the injection of a pharmaceutical or drug into apatient. The 
microneedle, however, does not need to be hollow, as it may be configured like a neural 

10 probe to accomplish other tasks. 

[0060] As shown, the microneedle extends approximately perpendicularly from 
surface 24a. Thus, as described, the microneedle will move substantially perpendicularly to 
an axis of a vessel or artery into which has been inserted, to allow direct puncture or breach 
of vascular walls. 

15 [0061] The microneedle further includes a pharmaceutical or drug supply conduit, tube or 
fluid pathway 14d which places the microneedle in fluid communication with the appropriate 
fluid intercomiect at the catheter lead end. This supply tube may be formed integrally with 
the shaft 14b, or it may be formed as a separate piece that is later joined to the shaft by, for 
example, an adhesive such as an epoxy. 
20 [0062] Tlie needle 14 may be a 30-gauge, or smaller, steel needle. Alternatively, the 
microneedle may be microfabricated from polymers, other metals, metal alloys or 
semiconductor materials. THe needle, for example, may be made of parylene. silicon or 
glass Microneedles and methods of fabrication are described in U.S. patent publication 
2002/0188310, entitled "Microfabricated Surgical Device", having common inventorship 
25 with but different assigmnent than the subject application, the entire disclosure of which is 
incorporated herein by reference. 

(OOMl He catheter 20, in use, is inserted through an artery or vein and moved vrithin a 
patients vasculature, for instance, an artery 32. until a specific, targeted region 34 is reaches 
(see Fig 3) As is well knovm in catheter-based interventional procedures, the catheter 20 
30 may follow a guide wire 36 that has previously been inserted into the patient. Optionally, the 
eatheter 20 may also follow the path of a previously-inserted guide catheter (no, shown) that 
encompasses the guide wire. 

[0064] During maneuvering of the catheter 20. well-known methods of fluoroscopy or 
magnetic resonance imaging (MRI) can be used to image the catheter and assist m 
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positioning the acma«.r 12 and microneedle 14 at fte target region. As the catheter is 
guided inside the patients hody. the nucrone««e remains un&rled or held inside tite actuator 
body so fliat no ttauma is caused to tiie vascular waUs. 

100*51 After being positioned at tiie target region 34, movement of the catiieter ,s 
terminated and the activating fluid is supplied to the open area 26 of the actitator, causing the 
expandable section 24 to rapidly unfUrl, moving the microneedle 14 in a substantially 
perpendicular direction, relative totire longitudinal centtal axis 12b of ti. actirator body 2a, 
„ puncture a vascular wall 32a. It may take only between approximately 100 miUiseconds 
and tivo seconds for the microneedle to move ftom its furled state to its unfinrled state. 
[00661 The ends of the actuator at the retaining rings 22a a«l 22b remain rigidly fixed to 
fl« cati^ter 20. Thus, they do not deform during actuation. Since flte acti^tor begins as a 
furled structure, its so^alled pregnant shape exists as an unstable buckling mode, fhrs 

instability, upon acnration. produces a large-scale motion of ti>e microneedle approximately 
perpendicular to ttte central axis of ti.e actuator body, causing a rapid puncture of the vascular 
,vall wifltout a large momentim. transfer. As a result, a microscalc opening is produced wtth 
very mmimal damage to the surrounding tissue. Also, since the momenmm transfer rs 
relatively smaU. only a negligible bias force is requi^ to hold flte catiteter and actirator m 
place during actuation and puncture. 

,00671 Tlie microneedle, in fact, travels so quickly and with such force that it can enter 
perivascular tissue 32b as well as vascular tissue. Additionally, since the actuator is "parked" 
or stopped prior to actuation, more precise placement and control over penetration of the 

vascular wall are obtained. 

100681 After actuation of the microneedle and delivery of the pharmaceutical to the target 
region via the microneedle, the activating fluid is exhausted ftom the open area 26 of the 
; actuator,causingtheexpandablesection24toretumtoitsoriginal,forledstate. Thisalso 

causes the microneedle to be withdrawn from the vascular wall. The microneedle, bemg 
withdrawn, is once again sheathed by the actuator. 

100691 By way of example, the microneedle may have an overall length of between about 
200 and 3,000 microns (pm). Tlxe interior cross-sectional dimension of the shaft 14b and 
0 supply tube 14d may be on the order of 20 to 250 ^m, while the tube's and shaft's extenor 
cross-sectional dimension may be between about 100 and 500 ,m. The overall length of the 
actuator body may be between about 5 and 50 millimeters (mm), while the extenor and 
interior cross-sectional dimensions of the actuator body can be between about 0.4 and 4 mm, 
and 0 5 and 5 mm, respectively. The gap or slit through which the central secUon of the 
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a«ua,or unfuris may have a lengtt. of about 4-40 mm, and a c^ss-seCional dime„s,on of 
abou, 50-500 The diameter of the delivery tube for the activating Huid may be about 
100 nm to 1000 ^m. The catheter size may be between 1.5 and 15 French (Fr). 
■00701 Methods of the present invendon may also utilize a multiple-buckling actuator wrth 
a single supply mbe for the activating fluid. Ute multiple-buckling actuator includes mutaple 
needlesfltatcanbeinsertedinto or throughavessel wall for providing injection at dtfTeren. 

locations or times. For instance, as shown in Fig. 4. fte actuator 120 includes microneedles 
140 and 142 located at different points along a length or longitudinal dimension of the 
central, expandable section 240. Tlte operating pressure of the activating fluid is selected so 

0 titatthemicroneedlesmoveatthesametime. Alternatively, the pressure of the activatmg 
fluid may be selected so that the microneedle 140 moves before the microne«)le 142. 
,00711 Specifically, Ute microneedle 140 is located at a portion of the expandable 
section 240 (lower activation pressure) titat, for ti,e same activating fluid pressure. wtU 
buckle outwardly before that portion of the expandable section (higher activation pre^) 

,5 „herethemiero„eedlel42isloca.ed. Thus, for example, if tite operating pressure of tite 
activating fluid within the open area of tire expand^le section 240 is two pounds p« square 
inch m. *e microneedle 140 wiU move before the microneedle 142. I, is only when tire 
operating pressure is increased to four psi, for instance, ttat the microneedle ,42 wtll move. 
Thus, titis mode of op«ation provides staged buckling witir ti>e microneedle 140 movmg a, 

20 time „. and pressure p,. and tire microneedle 142 moving a. time t. and p., with .„ and p,. 
being less than ti and p2, respectively. 

,00721 Thissortofstag^ibuckUngcanalsobeprovidedwithdifferentpneumaUcor 

hydraulic connections a. different parts of tire central section 240 in which each part includes 

an individual microneedle. 
25 100731 Also, as shown in Fig. 5. an actirator 220 could be constructed such ttratrts 

needles 222 and 224A move in different directions. As shown, upon actitation, tire needles 
move at »gle of approximately 90" ,0 each other to punctirre different parts of a vessel wall. 
A needle 224B (as shown in phantom) could alternatively be an^ged U> move at angle of 

about 180° to the needle 224A. 
30 100741 Referring now to Figs. 6A/6BU>rough Figs. 8A/8B, use oftheeatiteter 10 of 

Figs 1-3 for delivering a pharmaceutical agem according to tire metiiods of the present 
invention will be described. The catireter 1 0 may be positioned so tira. tire actuator 12 ts 
positioned at a target site for injection witirin a blood vessel, as shown in Figs. 6A/6B. The 
acnrator penetrates tire needle 14 through tire wall W so tttat it extends past tite external 
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elastic lamina (EEL) perivascular space suxroundingAe EEL. 0„cem*e 

perivascular space. *e phannaceutical agen. may be injecud. typically i. a volume from 
10 m «> 5000 ^. preferably from 100 » lOOO ,U. and more preferably 250 ^ to 500 m, so 
U,a, a plume P appears. Imdally. ^ pW occupies a space immediately su^ou^d,„g a^ 
5 aperture in the needle 14 and extending neither circumferentially nor long,tudmaUy relattve 
toward the external wall W of the blood vessel. After a short time, typically in the ^ge 
from 1 to 10 minutes, the plume extends circumferentially around flte external wall W of the 
blood vessel and over a short distance longinuJinally. as shovm in Figs. 7A and 7B 
respectively. After a still tether time, typically in the range from 5 minutes to 24 hours. fl.e 
,0 piume will extend substantially completely circumferentially. as iUustrated .. F.g. 8A.^d 
will begin to extend longimdinally over extended length, typically being a. least abou 2 cm. 
more usuaU, bemg about 5 cm. and often being 10 cm or longer, as illustrated m E.g. 8R 
,0075) Referring now to Figs. 1 D and IE. a preferred protocol for positioning the aperture 
300 of amicroneedle 314 forvolumetric delivery of a pharmaceutical agen. in accordance 
.5 wititti.eprinoiples„fti.presenth,ven.ionwillbedescribed. The aperture 300 .s posttion^ 
fromthelumenLofabloodvesselusingany of the microneedle catheter syst^sdescnbed 

above, particular, aperti^ 300 of tite microneedle 314 is positioned beyond me external 
elastic lamina EEL by a distance of 5 mm or less, preferably 3 mm or less, and usually 
0 Tmm or less, as described previously. To position tite aperture wititin tite redutstte dtstance 
20 beyond the EEL. the needle must pass ti^ugh the layers of tite blood vesse as 

describ^abovcinconnectionwithFig. lA. U^ly,ti,ese underlying layers wtU have a 
total tiuctaess in ti« range from 0.1 mm to 5 mm. requiring ti»t the needle extend from tite 
blood vessel by a distance which is greater titan tite tiuckness of ti. waU. Once .n posuton. 
ti>e aperture 300 releases tite pharmaceutical agen. which titen begins to form a phune P. as 
25 musfratedinFig.lD. By positioning ^yond tite blood vessel w^l. but less titan ti« 5 nun 
limit, it has been found that extensive volumetric distribution of tite pharmaceutical agent can 
be achieved, as shown in Fig. IE. 

,0076) Because of variability in blood vessel wall titickness and obstructions wtach may 
Lit tite penetiation deptit of tite needle being deployed, it will often be desirable to co^nn 
30 ti««ti.e pharmaceutical agent delivery aperture of the injection needle is present mthe 5 mm 
annular envelope sutrounding tite delivery blood ves.. prior to injection. Such confirmation 
can be achieved in a variety of ways. 
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,0.77, Ref«ringU>Figs.3A««ough3C,*e„eea.eH„fFig.3ca„bepo.«o„ed*rou^^ 

line in Fig. 3A. So long a. teaperUTe 14a lies beyond *e periphery of A= EEL. and 

!^ll a 5 nun annulus .u^unding *e vessel. snecessflU delivery of *e pha^aceuuca 
C™a,lyl.acMeved.Toconfi™*a.«»apem^.4alies«i«^*is-«e.^ 

4ion.aM.ofcon.ras.n>ediaoanbeiniee,eapHor«>deUv«yot«.epba™aceu„^^^ 
agen, lf*eape«ure ,4ahasno.pene«a.edthrough*eEEUassh„wn>nF.g.3B.*en* 
I^lfconlnrediawiUren^— edwiU^^e^allof^evessel^r^ngawell 

defined generally tapered or ovoid mass B. as shov™ in Fig. 3B. In conttas,. ,f to 
!;i:HarspIsi.ionedbeyondtoEEL,andwi«Untodesiredannn.ar«g.on.*ebolusB 

„iU spread longimdin^ly along *e blood vessel wall in a very shor, penod of »me, 
indicating that the drug may be affectively delivered, as shown mF.8.3C. 

,00781 Other methods for confirming that the aperture 14a is properly postttoned reU- 
rceofaseusor(s)15and/orlocatedo„theueedle.4usua,lyneartheap«.ure^S«^^^ 

'5 may be a solid state pressure sensor. If the pressure builds up durtng mjectton (etther of 
^Ztr'^entor Jpharmaceutical agent. itisU.elythat.heaper^.4a.ll^ 

^ Mood vessel wall. If the pressure is lower, the physician can assume that *e nee^e 1^ 
^hea the adventiti. Sensor 15 may also he a temperature, such as a small « or 
thermocouple, located at the tip of the needle adjacent over then the aperture Ha. The 
temperature withh, the blood vessel wall will be different than that outs.de of the EEL 
Jng posi^on fiutcdon of temperature. The s«,sor may be a pH detector, where the ttssue 
withinthebloodves^lwallandbeyondtheEELhavedeteCabledifrerencestnpH. 

Similarly, electrical impedance measurements chaxacterisUc of the tissues may be made w^th 
an impcLce sensor 1 5. A deflecUon sensor 17. such as a flexible straining gauge, may he 
5 providedonaportionoftheneedleHwhichwiUdeflectinresponsetoinserttontoree. 
LerUonforcethroughthebloodvesselwallwiUbehighertonthatne^arytop^te 

Ure tissue beyond the EEL. Thus, entry in«> the Ussue beyond «.e EEL can be confumed 
when the insertion force measured by the sensor 17 Mis. 

,0079, Asiust described, of course, the extent of migration of the pharmaceutical agent ts 
,0 Lt limited to the hnmediate region of the blood vessel through which the ag«,. ts 1^ 
injected into the perivascular space. Instead, depending on tite amounts m^eoted atK. 0*. 
Jnditious..he pharmaceutical agentmay extend «her into andthrought^m^um 

otirer connective tissues so ti». i. surrounds the extravascular spaces around o*er blood 
lis. including hoti, arteries and veins. As also described above, such broad myocardtal. 
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epioaKUal. or perioarfial delivery can be parUcul^ly useM for seating non-locM-zed 
Ilo..JIhasconaiUonsa.s«ia^«i.hoonge^vehear.fMl>^c^^^^^^^ 

vulneraWe or — plaque and conditions as^dared wiU> ca,d.ac -hi*™- 
Delivery and diffi^on of a pham.ace«ical agen. into a peripheral e— ular space can be 
particularly useful for treating diffuse vascular diseases. 

00801 T^emethodsandkitsdescribedabovemaybeusedtodeliverawtdevartetyof 
bannaceuUcalagenU intended for bothlocal^non-localtreatmentofthehea^ a. 
vasculature. Exemplary phamtaceutical agents include antineoplastic agents. anUproUS^fve 
agents cytostatic agents, inununosuppressiveagents. anti-inflammatory agents, macrohde 
:Ubi:.ic:an.biot.cs.antifit„g.s,an.iv.als,antibodieMipM« 

channel blockers. ACE inhibitors, gene Uterapy agents, anti-sense dmgs. I"^** 
or.interferingRKAn,olecu,es. .etalloproteinaseinhibitors. growth actor ^^^^^ 

cycle inhibitors, angiogenesis d^gs. anti-angiogenesis drugs, and/or 

„edia for visualizationof the injection under guidedX-ray fluoroscopy. Eachofth^ 

.herapeuUcagentshassho™.pron.iseinthc.rea..entof cardiovascular d.sease.re^n^^^ 
congLve heart failure, and/or vuhten^le p,a,t. lesions. Parucular agents are set fo«h .n 
Table 1. 



TABLE I . 

acti vation and migration, and °eoi ntimal thicten^ig^^ ^ ^^^^ 



.moMhniuscteacnvnoa-°"""B" n 

MLoBd. «»lbi«ics. mctadrng b>.l .o ™ '^^^liriyl^"" >» 

:rnr:s«zrL,«»d„»— ^^^^ 

effects that can prevent m<im,l hypen>teia, neomum.l ^"'"^"^j'^^^i^, ola,i.lm.n,ycin. 



4. 



process thatriggersor^^cace^^ TJvclovir and valacyclovr, mh.bit or kill 

TSiHiid^Idi^^^ and 
viruses that may contribute to the inflammatory process that triggers or exacerba ^ 

vulnerable plaque. 
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10. 



11. 



remodeling. zrr~;. — ;*,KiKitnrQ and modulators, including but not 

^^^^^^^^^^^^^^^^ f^tfoTp"^^^^^ and modulators of 

lin^ited to cytokine receptor inhibitors such as "^^^^^^-Jj^^^^^^ cells into the cell cycle, 

^ft,., fg^t^rc thnt trig ger neointimal hyperplasia. - 

. >L .i.:«u In^v-AQGA mil 



adventitia to increase blood flow. ■ ^ - 




,0»81, Ihe following Experiment axe offered by way of iUusttation. no. by way of 
limitation. 

EXPERIMENTAL 

, ,00821 SWdieswereperfonned^showvisualandquantitadveevideneeofdepostionof 

3gen«m*eadventitiaanddi«ribufcnoftedeposi.edagen,sftomta^ 

DisMbutio„offluotescen..Iabeleddn>g-.OregonOreen«488pachuxel(OGP)was 

U.L in. balloon-injured or nom«l porcine coronary art^ea (15 a«eries. 6 p.gs) us.na a 
n, croneedle injection ca*e« having a needle wi* a dian,«er of 150 ,n.. InjecUons were 
lde.odep*,i„*eranse..n,O.Snnn«.,.nnn One ar^ry was .rea^d in— y 
wiU, 5mL OOP .0 de«r.ine backhand vascular up^ke. Aninr^s we. " 
post-procedure following lACUCapproved pro«>col. After sacrmce, *e ^AD- ^^A -d 
Ic. were removed, cut in«, 4 - 5 mm sections, which were frozen and cryosecuoned. TTre 
slides were counter-stained with 0.1% Evan's Blue m PBS (5 min 37 C) to quench 
.5 lfluorescence,observed«i.haUVmicroscope.andscoredO-4.. Representattve sectrons 

Zrrr-es.ed.issue(<.hrpost-procedure>sho„ed4.s.ainm^ 

when OOP was delivered Wiethe microneedle catheter through the vessel wall With 
:!:lgtimeafterdelivery,drugpene.ra.edintothemediaande.tendedlong.mdma.l„3- 
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24 (mean. .5 ™n) .he injecUon site. A, 23 hr. ..aining was o^--"^*; 
circumference of fte ar«ry. wi* longin.dn.al extension of 23-32 nun (mean, 2 .5 mm . OOP 
deliv^ed inw fl-e lumen wiftout needle deployment resulted in staining on the lummal 
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,„g5, Dis.Hbu.ion of silver ni»«: Two injections of 0.5 mL 5% Silver Nitrate were made 
into each iliac ar.ery of a rabbit. Ute animal was sacrificed according to approved protoco 
following the last iuiection. Tl« art^es were removed and placed in 10% formahn w.*ou. 
perfusion. 2 mm segments we. emb«Wed in paraffin, sectioned, and hematoxyhn-eosm 

7mi Suimngshoweddeliveryou.side*eextemalelasticlaminaofthevesselsand 

diffusion around the circumference. 

,00871 Distribution of a lipophilic compound (tacrolimus): Eight swine underwent 
angiography. Twenty-^vo coronary arteries (2.25-2.75 mm) received 125 micrograms 
^.in^ush. two 500 micrograms injections approximately 1 cm apari. The n»o rematnmg 
ar^ries served as untteat«i consols. An untreated heart was used as a negattve control. At 
hours arteries were dissected from the musculature and perivascular fa, cut into 5 mm 
sections and analyzed by Liquid Chromatography/Mass Spectrometry against tacrotous 
calibration standards containing homogenized untreated porcine heart nssue. 

■00881 In 8/8 subjects, periadventitial delivery of tacrolimus resulted in distnbu„on to the 
entire coronary tree with higher concen«a.ions at injection sites. Drug was detecte .n 
285/293 segments, mdudmg side branches and uninjected arteries. The mean levels of 
.acrolh„uswere5.5ng/100mgtissue(SD=2.5.N=15)ind>eco„firmedi„je«eda«ene. 

2 7ng/100mg tissue (SD-l.l. N.2) in uninjected arteries of Seated hearts, and 0.08ng/100mg 
tissue (SD=0. 14. N=3) in uninjected artmes of *e untreated heart Mean concenttauon 
«ittunlcmofknowninjec«o„si.eswas6.4.g/100mgriss„e(SD=3.7.N.,3)vers„s 
26„g/,00mgtissue (SD=1.5.N.13)inthe remaining segment <p<0.001).Da«areprovtded 
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inFigs. 9andl0 



in Figs. 9 and 10. . j- \ 

,mn The microsyringe delivered agent to the advenUtia, demonsttated by c^unfet^ttal 
and longitudinal arterial distribution of fluorescent-labeled paclitaxel and silver nitrate. TT^e 
pacliW studies showed Utatthe distribution increased over time. QuantiUrivemeasuremen. 

of tacrolimus showed disMbution of drugdte Ml lengd. of d.e artery, which was detectable 
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48 hours after injection. 
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A number of embodiment of *e — have been described. ^^^"^^ 
and scope of the invention as claimed hereinafter. 
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